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One  of  the  primary  purposes  of  diagrams  and  maps  is  to  convey  in¬ 
formation  about  space  and  spatial  relationships.  For  the  blind  student 
the  major  modality  for  obtaining  information  about  spatial  relationships 
is  the  tactual -kinesthetic  sense.  Consequently,  tactile  diagrams  and 
maps  potentially  serve  as  important  educational  tools  in  educating  blind 
students  about  the  nature  of  their  environment.  However,  the  tactual  - 
kinesthetic  sense  is  not  as  adequate  as  vision  in  acquiring  information 
from  displays,  primarily  because  of  the  piecemeal,  fragmentary,  and 
serial  nature  of  acquiring  information  via  tactual  inspection.  This  in 
part  could  account  for  the  difficulty  many  blind  students  have  in  read¬ 
ing  and  using  tactile  diagrams  and  maps  effectively. 

The  present  study  focused  on  the  scanning  behavior  of  the  blind  stu¬ 
dent  and  the  effect  this  scanning  behavior  had  on  their  memory  of  a  tac¬ 
tile  display.  Previous  research  (Berla',  1973;  Berla'  and  Murr,  1974) 
has  shown  that  scanning  a  tactile  display  with  a  vertical  search  pattern 
was  an  effective  way  of  locating  symbols  on  the  display.  The  present 
study  attempted  to  determine  whether  specific  training  in  the  use  of  a 
vertical  search  technique  enabled  the  blind  student  to  remember  the  spa¬ 
tial  relationships  presented  on  a  tactile  display  more  effectively  than 
students  not  so  trained.  Specifically,  students  were  asked  to  inspect  a 
7  dissectable  display  for  five  minutes  after  which  the  pieces  of  the  display 
were  removed  and  the  student  was  asked  to  replace  the  parts  in  their  cor¬ 
rect  location.  One  group  of  students  was  not  given  any  training  while  a 
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second  group  was  trained  in  the  use  of  a  vertical  search  technique.  In 
order  to  determine  the  feasibility  of  the  procedures,  tasks,  and  materials 
of  the  study,  a  pilot  study  was  conducted.  In  the  pilot  study  each  stu¬ 
dent  was  asked  to  perform  the  task  first  without  any  training,  and  then 
to  perform  the  task  again  after  receiving  training  in  the  use  of  a  verti¬ 
cal  search  technique. 

Method 


Subjects 

The  subjects  were  three  male  and  four  female  students  who  used  braille 
as  their  primary  reading  medium  and  were  enrolled  at  the  Indiana  School 
for  the  Blind.  One  student  from  each  of  grade.f4-ll  were  chosen  as  subjects. 
The  range,  mean,  and  standard  deviation  of  the  ages  were:  range  =  10.67 
years  -  18.58  years,  M  =  14.10  years,  SD_  =  2.67. 

Material s 

Two  test  displays  were  developed.  One  display  contained  nine  tactile 
point  symbols  and  a  second  display  contained  nine  textured  area  symbols. 

All  the  symbols  in  each  display  were  highly  discriminable  by  blind  students 
(Nolan  &  Morris,  1971).  The  symbols  were  produced  through  a  photoengraving 
process  which  produced  male  molds.  Plastic  copies  were  made  by  drape  mold¬ 
ing  styrene  plastic  over  the  male  molds.  The  symbols  were  randomly  assigned 
to  one  of  nine  equal  sized  squares  within  a  14  x  14  inch  (35.56  x  35.56  cm) 
grid.  Each  symbol  was  also  randomly  assigned  to  one  of  five  positions  in 
a  given  square  (four  corners  or  center).  The  symbols  were  mounted  on 
wooden  blocks  (4x4  in^K).16  x  10.16  cm.}  and  the  set  of  nine  blocks  was 
fitted  into  a  wooden  frame  that  had  nine  separate  compartments.  Each  block 
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could  be  removed  from  the  frame  without  disturbing  any  of  the  other 
bl  ocks . 

Each  point  symbol  was  drawn  within  a  1  inch  (2.54  cm)  square  so  that 
at  least  one  dimension  of  each  symbol  extended  to  a  maximum_n'fr  one  inch.  ? 

- -  '  _ _ _ _ _ _ _ _  _ _ — - -  s 

The  nine  texture  area  symbols  were  reproduced  in  four  inch  squares.  The 
nine  point  symbols  and  the  nine  area  symbols  used  in  the  study  are  shown 
in  Figures  1  and  2. 

Insert  Figures  1  and  2  about  here 

One  additional  display  was  constructed  and  used  in  a  preliminary 
familiarization  task.  The  display  consisted  of  a  four  section  diagram 
consisting  of  two  point  and  two  area  symbols.  A  frame  was  constructed 
to  hold  the  four  blocks  similar  to  the  one  used  in  the  test  task. 

Procedure 

The  subjects  were  told  that  they  would  inspect  a  dissectable  diagram 
and  asked  to  remember  the  position  of  each  shape  or  texture  on  the  dia¬ 
gram.  Following  the  inspection  they  would  be  given  the  nine  blocks  of 
the  display  and  asked  to  relocate  them  in  their  correct  positions  within 
the  frame. 

All  subjects  were  shown  the  practice  diagram  first  and  shown  that 
the  four  blocks  could  be  removed  from  the  frame.  The  four  figures  were 
then  placed  in  the  frame  and  the  subjects  were  asked  to  inspect  the  dia¬ 
gram  for  one  minute  and  to  remember  the  positions  of  the  figures  within 
the  frame.  Following  the  one  minute  search,  the  blocks  were  removed  and 
two  blocks  were  placed  on  the  left  side  and  two  blocks  on  the  right  side. 
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Positions  along  the  left  and  right  side  were  randomly  determined.  The 
subject  was  then  given  one  minute  to  replace  the  blocks  in  the  frame  in 
their  correct  locations.  After  the  subject  replaced  the  blocks,  the  ex¬ 
perimenter  took  the  subject's  hand  and  showed  the  subject  where  the  mis¬ 
placed  blocks  should  have  been  placed.  If  no  errors  were  made,  the  subject 
was  told  that  he  was  correct.  Each  subject  was  given  two  additional  reor¬ 
ganizations  of  the  practice  display  and  the  same  correction  procedure  was 
followed.  Following  practice,  each  subject  was  given  either  the  point 
symbol  or  area  symbol  display  and  told  they  would  have  five  minutes  to  in¬ 
spect  the  display.  At  the  end  of  five  minutes,  the  blocks  were  removed  and 
randomly  placed  along  the  bottom,  left,  and  right  sides  of  the  frame.  In 
order  to  control  for  the  time  delay  between  placement  of  the  blocks  around 
the  sides  of  the  frame  and  the  beginning  of  the  replacement  task  by  the 
subject,  a  fixed  two  minute  interval  was  given  between  the  end  of  the  in¬ 
spection  period  and  the  replacement  period.  Each  subject  was  given  a  maxi¬ 
mum  of  five  minutes  to  replace  the  blocks.  Following  this  task,  each  subject 
was  shown  how  to  search  a  display  using  a  vertical  search  technique.  The 
training  was  conducted  on  a  plain  8x8  in.  (20.32  x  20.32  cm)  piece  of 
cardboard.  The  training  consisted  of  having  the  subject  scan  the  display 
in  columns  from  top  to  bottom.  After  reaching  the  bottom  of  the  display, 
the  subject  returned  his  hands  to  the  top  of  the  display  and  scanned  down 
the  next  column.  The  subjects  were  then  given  two  practice  trials  using 
the  vertical  inspection  technique  with  the  four  block  practice  display. 

The  subject  was  then  given  the  nine  block  display  and  given  a  full  five 
minutes  to  inspect  it  using  the  vertical  scanning  technique.  At  the  end 
of  five  minutes,  the  blocks  were  removed  during  the  two  minute  fixed 
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interval  and  placed  along  the  bottom,  left,  and  right  sides.  The  subject 
was  then  asked  to  replace  the  blocks  in  their  correct  locations. 

For  both  the  free  scan  and  the  vertical  scan,  four  subjects  were 
given  two  different  organizations  of  the  point  symbol  display  and  three 
subjects  were  given  two  different  organizations  of  the  area  symbol  dis¬ 
play. 

Each  subject's  performance  was  videotaped  and  the  amount  of  time 
in  seconds  required  to  complete  the  tasks  as  well  as  the  accuracy  was 
recorded . 

Resul ts 

Performance  was  very  high  under  all  conditions  indicating  a  ceiling 
effect.  Overall  performance  for  the  free  scan  was  89%  correct  placements 
and  for  the  vertical  scan  87%  correct  placements.  Only  two  subjects  of 
the  seven  failed  to  achieve  100%  correct  placements  on  the  free  scan  and 
only  three  of  the  seven  subjects  failed  to  achieve  100%  accuracy  using 
the  vertical  scan. 

The  videotapes  were  analyzed  in  terms  of  the  type  of  scan  and  the 
number  of  complete  scans  of  the  display  during  both  the  "free"  scan  period 
and  the  vertical  scan  period.  Six  of  the  subjects  used  a  horizontal  or 
horizontal  and  vertical  type  scan  during  the  free  period.  One  subject 
used  a  perimeter  type  scan.  The  average  number  of  complete  scans  during 
the  five  minute  inspection  period  was  9.71  scans  during  the  free  period 
and  14.86  scans  during  the  vertical  scan  period. 

Additional  analysis  of  the  videotapes  showed  that  all  seven  subjects 
picked  up  a  block  and  then  searched  for  the  correct  cell  rather  than 
picking  a  cell  and  then  looking  for  the  block  that  went  in  that  cell. 
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Observations  of  the  videotape  plus  questioning  of  the  subjects  revealed 
that  the  frame  divided  into  nine  cells  contributed  substantially  to  the 
ease  of  completing  the  tasks.  The  subjects  appeared  to  remember  the  sym¬ 
bols  in  rows  of  three  and  tried  to  remember  which  of  three  rows  a  block 
belonged  in  (top,  middle,  or  bottom)  and  whether  it  was  the  first,  second, 
or  third  in  the  sequence. 

Discussion 

The  pilot  study  suggested  that  the  task  was  too  easy  as  was  indicated 
by  the  very  high  scores  under  all  conditions.  It  appeared  that  the  frame, 
in  which  the  blocks  were  placed,  contributed  substantially  to  the  ease  of 
the  task.  The  pilot  study  also  indicated  that  allowing  a  full  five  minutes 
to  inspect  the  display  allowed  the  subjects  to  memorize  the  positions  of 
nine  symbols  very  easily.  Consequently,  in  order  to  determine  whether  train¬ 
ing  in  scanning  would  actually  facilitate  performance,  the  frame  would  have 
to  be  eliminated  and  inspection  time  reduced.  Therefore,  a  new  set  of  ma¬ 
terials  and  a  refined  design  and  procedure  were  developed  for  the  formal 
testing  with  a  larger  number  of  subjects. 

Subjects 

The  subjects  were  36  students  enrolled  at  the  Overbrook  School  for 
the  Blind  who  used  braille  as  their  primary  reading  medium.  The  means 
and  standard  deviations  of  their  ages  according  to  grade  grouping  and 
sex  are  presented  in  Table  1. 


Insert  Table  1  about  here 


Tactual  Scanning  and  Memory 


7 

Material s 

Two  test  displays  were  developed.  One  display  contained  nine  tac¬ 
tile  point  symbols  and  a  second  display  contained  nine  textured  area  sym¬ 
bols.  All  the  symbols  in  each  display  were  highly  discriminable  (Nolan 
&  Morris,  1971).  Each  symbol  was  produced  through  a  photoengraving  pro¬ 
cess  which  makes  male  molds.  Plastic  copies  were  made  by  drape  molding 
styrene  plastic  over  the  male  molds.  Each  of  the  nine  symbols  in  each 
display  was  randomly  assigned  to  one  of  nine  equal  sized  squares  within 
a  15  x  15  in.  (38.10  x  38.10  cm)  grid.  Each  symbol  was  also  randomly 
assigned  to  one  of  five  positions  in  a  given  square  (four  corners  or 
center).  Each  symbol  was  mounted  on  a  2.5  x  2.5  in.  (6.35  x  6.35  cm) 
piece  of  cardboard  and  backed  with  pieces  of  male  velcro.  Three  test 
boards  were  made  by  gluing  a  sheet  of  female  velcro  (15  x  15  in.)  08.10 
x  38.10  cm]  to  separate  pieces  of  cardboard.  In  this  way,  when  a  symbol 
was  placed  on  the  test  board  the  male  velcro  would  attach  itself  to  the 
female  velcro  and  would  remain  in  place  until  pulled  off  with  firm  pres¬ 
sure. 

The  set  of  nine  point  symbols  was  placed  on  one  test  board  in  their 
correct  locations  as  indicated  by  the  random  assignment  previously  de¬ 
scribed.  The  set  of  nine  area  symbols  was  placed  on  another  test  board 
using  a  different  random  order  than  was  used  for  the  point  symbols.  The 
maximum  dimension  of  each  point  symbol  was  0.5  inch  (1.27  cm)  and  the  area 
symbols  were  2.0  x  2.0  in.  (6.35  x  6.35  cm).  A  diagram  of  each  test  dis¬ 
play  is  shown  in  Figures  3  and  4.  A  duplicate  set  of  both  sets  of  symbols 
were  made  and  after  a  subject  inspected  one  of  the  test  displays,  he  was 
given  a  plain  15  x  15  in.  (38.10  x  38.10  cm)  velcro  board  to  place  the  nine 
test  symbols  on. 
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A  practice  board  was  made  by  gluing  velcro  to  a  9.5  x  9.5  in.  (24.13  x  24. 
cm)  piece  of  cardboard.  Four  additional  discriminable  symbols  were 
chosen  (two  point  and  two  area),  mounted  on  cardboard,  and  backed  with 
pieces  of  male  velcro.  The  correct  locations  of  the  symbols  on  the  test 
and  practice  boards  were  marked  by  using  a  white  crayon  to  mark  off  2.5  x 
2.5  in.  (6.35  x  6.35  cm)  squares  on  which  each  symbol  was  placed.  Each 
white  square  had  a  letter  written  in  the  center  and  the  same  letter  was 
written  on  the  corners  of  the  appropriate  symbol. 

A  transparent  scoring  grid  was  made  from  thin  plastic.  The  15  x  15  in. 
(38.10  x  38.10  cm)  scoring  grid  was  marked  off  in  0.5  inch  (1.27  cm)  squares 
and  placed  over  each  test  board.  The  exact  center  of  each  target  symbol  was 
determined  and  a  black  dot  was  placed  in  the  center  of  each  symbol.  When 
the  scoring  grid  was  placed  over  each  test  board  containing  the  symbols  the 
black  dot  showed  through  and  indicated  which  of  the  .5  inch  (1.27  cm)  squares 
was  the  correct  square.  The  correct  square  was  marked  on  the  grid  with  the 
same  letter  as  the  symbol.  Each  .5  inch  (1.27  cm)  square  was  numbered  from 
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1  to  300.  * 


Insert  Figures  3  and  4  about  here 


Procedure 


The  subjects  were  told  that  they  were  going  to  work  with  some  "puzzles" 
that  had  nine  different  shapes  or  textures.  The  subject's  task  was  to  feel 
each  "puzzle"  and  remember  the  place  where  each  shape  or  texture  was  located. 
The  puzzle  was  then  removed  and  the  subject  was  given  a  blank  board,  the 
parts  of  the  puzzle,  and  told  to  put  the  parts  back  in  their  correct  location. 
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The  parts  of  the  puzzle  were  equally  spaced  around  the  bottom,  left, 
and  right  sides  of  the  board. 

The  control  group  was  given  three  practice  trials  with  three  different 
configurations  of  the  four  part  puzzle.  Each  subject  was  presented  with  the 
four  part  puzzle  and  given  one-minute  of  inspection.  At  the  end  of  one 
minute,  the  parts  were  removed  from  the  board  and  placed  in  random  order 
around  the  left  and  right  sides  (two  parts  to  a  side).  The  subject  was 
then  given  one  minute  to  put  the  pieces  back  in  their  correct  location. 

The  experimenter  then  corrected  the  subject  by  placing  his  hand  on  those 
parts  that  were  not  correctly  placed  and  moved  the  subject's  hand  with 
the  part  to  the  correct  location.  The  same  four  parts  were  used  for  two 
additional  trials,  with  a  trial  consisting  of  a  different  organization 
of  the  four  parts. 

The  training  group  received  the  same  preliminary  instructions  as  the 
control  group  and  given  one  presentation  of  the  four  part  puzzle.  After 
correcting  the  subject's  responses,  the  training  subjects  were  given  in¬ 
structions  on  how  to  search  a  display  using  a  vertical  scanning  technique. 
The  subjects  were  told  to  use  two  hands  and  to  start  in  one  of  the  upper 
corners  of  the  puzzle,  keeping  their  hands  next  to  each  other,  and  to  scan 
down  the  puzzle.  When  their  hands  reached  the  bottom  of  the  puzzle  they 
were  told  to  return  them  to  the  top  where  they  started  and  then  to  move 
their  hands  over  just  far  enough  so  they  could  search  the  next  section  of 
the  puzzle.  They  were  told  to  search  the  puzzle  in  this  way  until  told  to 
stop.  The  subjects  were  given  approximately  four  minutes  of  instruction 
on  a  plain  piece  of  cardboard.  Following  the  training  period,  they  were 
given  two  additional  training  trials  using  the  vertical  scan  with  the  four 
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part  puzzle  and  deviations  from  the  accepted  scanning  pattern  were  cor¬ 
rected  . 

The  subjects  in  the  training  and  control  groups  were  then  presented 
with  one  of  the  two  9-item  test  puzzles.  They  were  told  to  inspect  the 
puzzles  and  remember  the  location  of  the  parts.  The  training  group  was 
reminded  to  search  the  puzzle  using  the  vertical  search  pattern.  All  sub¬ 
jects  were  given  a  full  four  minutes  to  search  the  puzzle  and  then  told 
to  stop.  There  was  a  two  minute  interval  while  the  experimenter  removed 
the  puzzle  and  placed  a  blank  board  in  front  of  the  subject.  The  puzzle 
parts  were  placed  along  the  bottom^left ,  and  right  sides  (3  to  each  side) 
in  a  predetermined  random  sequence.  At  the  end  of  two  minutes  the  subject's 
hands  were  moved  along  the  sides  and  bottom  of  the  puzzle  to  indicate 
where  the  parts  were  and  given  five  minutes  to  replace  the  parts  in  their 
correct  location. 

Each  subject  in  each  condition  was  given  both  the  point  symbol  and 
area  symbol  puzzles  in  sequence.  Half  the  subjects  in  each  condition 
started  with  the  point  symbol  puzzle  followed  by  the  area  symbol  puzzle 
and  half  in  the  reverse  order.  No  feedback  was  given  during  the  test 
phase.  After  the  subjects  had  replaced  the  symbols  on  the  board,  the 
transparent  grid  was  placed  on  top  of  the  board  and  the  number  of  the 
square  that  the  subject  placed  each  symbol  was  recorded. 

Resul ts 

The  data  consisted  of  the  number  of  .5  inch  (1.27cm)  squares  the  sub¬ 
ject  misplaced  each  of  the  nine  target  symbols  to  the  left  or  right  and 
above  or  below  the  correct  target  square.  Each  subject's  placement  was  in¬ 
dicated  by  two  numbers  representing  the  coordinates  of  this  placement  with 
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respect  to  the  target  square.  To  obtain  the  number  of  squares  each  sub¬ 
ject  misplaced  each  symbol,  the  coordinates  were  used  in  Pythagoras' 
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Consequently,  each  subject  had  one  score  for  each 


Theorem 


symbol  they  had  placed  on  the  board.  The  number  represented  the  number^A^ 
of  .5  inch  (1.27cm)  squares  they  had  misplaced  each  target  from  its  cor¬ 
rect  location.  The  average  of  the  nine  scores  constituted  the  average 
absolute  error  for  the  nine  target  symbols.  The  scores  thus  obtained 
were  used  in  a  three  way  analysis  of  variance  in  which  grade  groupings 
(4-6,  7-9,  and  10-12)  and  conditions  (control  vs.  training)  constituted 
the  between  subjects'  variables  and  area  vs.  point  symbols  constituted 
the  within  subjects'  variables.  The  analysis  showed  there  was  a  signifi¬ 
cant  difference  in  absolute  error  between  area  vs.  point  symbols  (F_  = 

21.78;  df  =  1 ,  30;  jd  <.01)  with  subjects  making  less  average  errors 
with  the  point  symbols  than  with  the  area  symbols  (point  x_  =  3.40  squares, 
SD  =  2.16;  area  =  xT  4.75  sqs. ;  SD_  =  2.43) . 

Of  more  importance  was  the  significant  interaction  of  grades  x  condi¬ 
tions  (£_  =  3.65;  df  =  2,  30;  £  <  .05).  The  means  and  standard  deviations 
of  the  absolute  error  for  each  condition  for  each  grade  grouping  is  shown 
in  Table  2.  The  interaction  shows  that  the  control  group  improved  in 
performance  over  the  grade  groupings  while  the  training  group  decreased  in 
performance  over  grade  groupings.  However,  inspection  of  the  mean  error 
performance  shows  that  training  facilitated  performance  in  the  lowest  grade 
grouping  to  the  extent  that  the  absolute  error  scores  for  the  trained  group 
for  both  the  area  and  point  symbols  was  nearly  twice  as  good  as  performance 
by  the  untrained  group  in  grades  4-6.  In  addition,  performance  in  the 
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trained  group  in  grades  4-6  was  equivalent  to  the  performance  of  subjects 
in  the  untrained  group  in  grades  10-12.  A  summary  of  the  analysis  of 
variance  is  shown  in  Table  3. 

Insert  Table  5  about  here 

Differences  between  the  trained  and  untrained  groups  in  the  different 
grade  groupings  could  be  attributable  to  increases  or  decreases  in  performance 
on  either  the  x  axis,  y  axis,  or  both.  In  order  to  determine  where  the  differences 
existed,  separate  analyses  of  variance  were  performed  on  the  mean  absolute  error 
scores  on  each  axis.  A  three-way  analysis  of  variance  was  performed  with  the 
trained  vs.  untrained  groups  and  grade  groupings  (4-6,  7-9,  10-12)  constituting 
between  subjects  variables  and  area  vs.  point  symbols  constituting  a  within- 
subjects  variable. 

For  the  y  axis,  there  were  significantly  less  errors  made  with  the  point 
symbols  as  compared  to  the  area  symbols  (£  =  12.02;  df  =  1,30;  £  <  .01). 

There  was  no  significant  difference  between  the  trained  and  untrained  groups. 

For  the  x  axis,  there  was  also  significantly  less  error  made  with  the  point  sym¬ 
bols  as  compared  to  area  symbols  (F_  =  10.78;  df  =  1,  30;  p  <.01)  and  a  signifi¬ 
cant  interaction  of  grade  groupings  x  trained  vs.  untrained  (£_  =  3.95;  df  =  2,  30; 
p  <.05).  The  means  and  standard  deviations  of  the  absolute  errors  for  the 
trained  and  untrained  groups  on  the  x  axis  are  shown  in  Table  4.  Inspection  of 
Table  4  shows  that  training  facilitated  performance  in  grades  4-6  and  7-9  as 
compared  to  the  untrained  group  and  decreased  performance  in  grades  10-12  as  com¬ 
pared  to  the  untrained  group.  However,  performance  by  the  trained  subjects  in 
grades  4-6  was  slightly  better  than  the  performance  of  the  untrained  subjects  in 

^  (o 

grades  10-12.  A  summary  of  the  analyses  of  variance  are  shown  in  Tables  and  . 

- S-—<> - 

Insert  Tables  f>  and  /  about  here 
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Another  focal  point  of  interest  is  whether  there  is  a  constant  error  in 

1 

replacing  the  elements  of  the  display.  Table  f>  shows  the  mean  relative  re¬ 
placement  errors  in  inches  on  both  the  x  and  y  axes  for  grade  groupings  4-6, 

7-9,  and  10-12.  On  the  x  axis,  there  was  a  very  small  negative  bias  overall 
for  the  trained  subjects.  These  subjects  as  a  group  replaced  the  symbols 
slightly  to  the  left  of  where  they  belonged.  On  the  other  hand,  the  untrained 
subjects  showed  a  small  positive  error  and  placed  the  symbols  slightly  to  the 
right  of  where  they  belonged.  For  the  trained  group,  nine  subjects  showed  a 
negative  constant  error,  eight  subjects  showed  a  positive  constant  error,  and 
one  subject  showed  no  constant  error.  For  the  untrained  group,  six  subjects 
showed  a  negative  constant  error  and  12  subjects  showed  a  positive  constant 
error.  Apparently,  training  shifted  the  direction  of  the  constant  error, 
however,  the  differences  within  groups  or  between  groups  were  not  statistically 
significant  as  indicated  by  separate  chi  square  tests  (All  x2's  _<  .68;  p  >  .10). 

Insert  Table  8  about  here 

On  the  y  axis  both  the  trained  and  untrained  groups  showed  a  small  negative 
constant  error.  For  the  trained  group,  15  subjects  showed  a  negative  constant 
error  and  three  subjects  showed  a  positive  error.  For  the  untrained  group, 

11  subjects  showed  a  negative  constant  error  and  seven  a  positive  constant  error. 
There  were  no  significant  differences  between  trained  and  untrained  subjects  in 
the  direction  of  their  constant  error  (x2  =  1.24;  df  =  1 ;  jd  >  .10).  However, 
the  trained  subjects  showed  a  much  higher  negative  constant  error  than  would 
be  expected  by  chance  (x2  =  8,  cff  =  1 ;  <  .01 ) ,  but  this  directional  difference 

was  significant  only  for  grade  grouping  10-12  (x2  =  6.00;  df  =  1 ;  p  <.01) 
and  not  for  the  other  grade  groupings. 
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The  pilot  study  showed  that  when  a  tactile  display  is  systematically 
organized  into  a  3  column  x  3  row  grid,  that  braille  readers  remember  the 
location  of  symbols  within  the  cells  of  the  grid  at  a  very  high  level. 

The  fact  that  they  scanned  the  display  most  frequently  in  rows  and  reported 
remembering  the  symbols  in  rows  suggests  that  the  grid  pattern  was  consistent 
with  their  perceptual -cognitive  strategies  for  organizing  and  storing  informa¬ 
tion  in  memory.  The  nearly  errorless  performance  suggests  that  a  removable 
grid  could  be  used  on  maps  to  aid  subjects  in  inspecting,  organizing,  and 
retaining  information  from  a  tactile  display.  Training  subjects  to  scan 
the  display  in  columns  had  no  effect  on  performance  because  of  the  very 
high  performance  without  training. 

When  the  task  was  made  more  difficult  and  a  more  precise  scoring  method 
was  devised,  training  to  scan  a  display  in  columns  resulted  in  significant 
improvement  in  performance  in  the  lowest  grade  level  tested  (4-6).  The 
interesting  result  was  that  the  trained  students  in  grades  4-6  performed  as 
well  as  untrained  students  in  grades  10-12.  Considering  that  the  total 
extent  of  training  was  less  than  five  minutes  indicates  that  substantial 
improvement  in  tactile  skills  can  be  achieved  in  a  short  period  of  time. 

The  improvement  in  performance  following  training  was  confined  to  the 
reduction  of  placement  errors  on  the  x  axis  (left-right  axis).  Since  the 
subjects  were  trained  to  scan  up  and  down  the  display  the  distance  their 
hands  were  from  the  right  or  left  edges  of  the  board  apparently  became 
more  salient  and  they  apparently  became  more  aware  of  the  distance  a 
symbol  was  from  the  left  or  right  edge  of  the  board.  Training  had  no  effect 
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on  performance  with  respect  to  the  y  axis  (toward  and  away  from  the  body). 

However,  training  students  to  scan  a  display  definitely  interfered  with 
performance  in  the  upper  grade  levels  and  resulted  in  a  significant  increase 
in  error  scores  in  grade  grouping  10-12.  While  there  were  no  constant  errors 
for  the  untrained  students  nor  for  the  trained  students  up  through  grade  9, 
there  was  a  constant  error  in  placing  the  symbols  on  the  board  by  the  trained 
subjects  in  grades  10-12.  The  students  had  a  consistent  bias  of  placing  the 
symbols  lower  on  the  board  (closer  to  the  body)  than  untrained  subjects. 

The  results  of  this  study  indicate  that  students  could  be  introduced  to 
tactual -spatial  concepts  and  skills  early  in  the  educational  process.  Delay¬ 
ing  the  introduction  of  these  concepts  and  skills  until  the  upper  grade  levels 
may  not  have  any  advantage  whatsoever  and  in  fact  may  interfere  with  performance. 

The  implementation  of  scanning  techniques  in  order  to  systematically 
locate,  organize,  and  remember  the  information  on  tactile  displays  are  im¬ 
portant  concepts  and  abilities  for  using  diagrams,  maps,  graphs,  and  even 
in  arranging  ones  work  space.  Spatial  concepts  and  relationships  pervade 
our  daily  life  and  the  formal  introduction  of  these  concepts  early  in  the 
educational  process  is  important  for  sensitizing  blind  students  to  the 
salient  spatial  aspects  of  their  immediate  environment. 
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Table  1 

Means  and  Standard  Deviations  of  Ages  (in  years) 
of  Subjects  According  to  Grade  Grouping  and  Sex 


Group 

Mai  e 

Female 

Total 

Grade 

M  = 

11.07 

M  = 

11.46 

M  = 

11.30 

1 evel s 

SD  = 

1  .79 

SD  = 

1  .11 

SD  = 

1  .37 

4-5-6 

n_  = 

5 

n_  = 

7 

n  = 

12 

Grade 

M  = 

15.25 

M  = 

15.59 

M  = 

15.42 

1 evel s 

SD  = 

2.94 

SD  = 

1  .22 

SD  = 

2.15 

7-8-9 

n_  = 

6 

n  = 

6 

H  = 

12 

Grade 

M  = 

19.35 

M  = 

19.35 

M  = 

19.35 

1  evel s 

SD  = 

1  .45 

SD  = 

1  .51 

SD  = 

1  .41 

10-11-12 

n  = 

6 

n  = 

6 

H  = 

12 

M  = 

15.47 

M  = 

15.26 

M  = 

15.35 

Total 

SD  = 

3.98 

SD  = 

3.56 

SD  = 

3.71 

n  = 

17 

n  = 

19 

n  = 

36 

16 
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Table  2 

Organization  of  Space 

Means  and  Standard  Deviations  for  Absolute  Error  in  Grades  4-6, 
7-9,  10-12  for  Trained  and  Untrained  Subjects 


Group 

Trained 

Grade 

M 

=  3.00 

1  evel  s 

SD 

=  1.50 

4-5-6 

n_ 

=  6 

Grade 

M 

=  3.85 

1  evel  s 

SD 

=  2.23 

7-8-9 

n_ 

=  6 

Grade 

M 

=  5.77 

1  evel  s 

SD 

=  2.13 

10-11-12 

n 

=  6 

Untrained 

M  =  5.00 
SD  =  1.89 
n_  =  6 

M  =  3.59 
SD  =  2.81 
n_  =  6 

M  =  3.27 
SD  =  1.32 
n  =  6 
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Table  3 

Analysis  of  variance  on  mean  absolute  error  scores 
for  grade  groupings,  training  conditions,  and  area  vs.  point  symbols. 


Source 

df 

SS 

MS 

£ 

Total 

71 

403.81 

Between  Subjects 

35 

319.53 

Grade  Groupings 

2 

7.96 

3.98 

.48 

Conditions  (trained  vs.  untrained) 

1 

1.18 

1  .18 

.14 

Grade  groupings  x  conditions 

2 

60.71 

30.35 

3.65* 

Error 

30 

249.69 

8.32 

Within  subjects 

36 

84.28 

Area  vs.  point  (symbols) 

1 

32.90 

32.90 

21 .78** 

Grades  x  symbols 

2 

1  .45 

.73 

.48 

Conditions  x  symbols 

1 

.27 

.27 

.18 

Grades  x  conditions  x  symbols 

2 

4.35 

2.17 

1  .44 

Error 

30 

45.32 

1  .51 

*p  <  .05 

**p  <  .01 
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Table  4 

Organization  of  Space 

Means  and  Standard  Deviations  for  Absolute  Error  on  the  x  and  y 
Axes  for  Trained  and  Untrained  Subjects  in  Grades  4-6,  7-9,  and  10-12 


Group 

X 

Trai ned 

-axi  s 

y-axis 

Untrai ned 

x-axi s 

y-axi s 

Grade 

M 

=  3.49 

3.97 

M  =  6.41 

6.31 

1  evel  s 

SD 

=  1.16 

2.69 

SD  =  2.31 

2.82 

4-5-6 

n_ 

=  6 

6 

n_  =  6 

6 

Grade 

M 

=  4.67 

4.98 

M  =  5.22 

3.78 

1  evel  s 

SCI 

=  2.62 

3.01 

SD  =  4.01 

3.64 

7-8-9 

n 

=  6 

6 

n  =  6 

6 

Grade 

M 

=  6.68 

7.69 

M  =  3.86 

4.05 

1 evel s 

SD 

=  2.43 

3.37 

SD  =  1 .49 

2.16 

10-11-12 

n 

=  6 

6 

n_  =  6 

6 

M 

=  4.95 

5.55 

M  =  5.16 

4.71 

Total 

SD 

=  2.45 

3.27 

SD  =  2.85 

3.00 

n 

=18 

18 

n  =18 

18 
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Analysis  of  variance 

on  absolute  errors  on 

the 

x-axis  for 

grade  groupings,  training 

conditions,  and  area 

vs . 

point  symbols. 

Source 

SS 

df 

MS 

F 

Total 

706.187799 

71 

Between  subjects 

479.406549 

35 

Grade  groupings 

1  .675969 

2 

.837985 

.07 

Conditions  (trained  vs.  untrained)  .847168 

1 

.847168 

.07 

Grades  x  Conditions 

99.458419 

2 

49.729210 

3.95* 

Error 

377.424992 

30 

12.580833 

Within  subjects 

226.781250 

36 

Area  vs.  point  (symbols) 

53.785735 

1 

53.785735 

10.78** 

Grades  x  symbols 

15.650836 

2 

7.825418 

1  .57 

Conditions  x  area  vs.  point 

.044501 

1 

.044501 

.01 

Grades  x  conditions  x  symbols 

x  area  vs.  point 

7.650253 

2 

3.825126 

.77 

Error 

149.649925 

30 

4.988331 
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Table 

Analysis  of  variance  on  mean 
grade  groupings,  training  condi 

Source 

Total 

Between  subjects 
Grade  Groupings 

Conditions  (trained  vs.  untrained) 

Grades  x  Conditions 

Error 

Within  subjects 

Area  vs.  point  (symbols) 

Grades  x  symbols 
Conditions  x  symbols 
Grades  x  Conditions  x  symbols 
Error 
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ute  errors 

on 

the  y-axis  for 

and  area 

vs . 

point  symbols. 

df 

MS 

F 

.472488 

71 

.65538 

35 

.721008 

2 

13.360504 

.  .75 

.508335 

1 

12.508335 

.70 

.068269 

2 

54.034135 

3.03 

.357925 

30 

17.845264 

.816950 

36 

.450035 

1 

47.450035 

12.02** 

.944119 

2 

.472060 

.12 

.386113 

1 

1  .386113 

.35 

.583758 

2 

4.791879 

1  .21 

.452925 

30 

3.948431 

6 

absol 

tions , 

SS 

860 

682 

26 

12 

108 

535 

177 

47 

1 

9 

118 
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Mean  relative  replacement  errors  in  inches  on  x  and  y  axis  for 
grade  groupings  4-6,  7-9,  and  10-12 


Grade  groupings 

X 

-ax  i  s 

y 

-axis 

Trained 

Untrai ned 

Trained 

Untrained 

4-6 

-.178 

.610 

-.804 

-.639 

7-9 

-.185 

.916 

-1 .268 

.0375 

10-12 

+.0841 

.008 

-1  .239 

-1 .027 

X  Total 

-.0928 

.512 

-1  .103 

-.543 

